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a command processor operativelv coupled to the motor portions, the command processor 

receiving an input representing a position of a desired viewing object, the position characterized in 

terms of a celestial coordinate system, the command processor further receiving an input representing 

a present position of the telescope, the telescope position characterized inarms of a rectangular 

coordinate system, the command processor calculating a rotational nribvement about each of the 

-J — 

respective axes to move the telescope from its present position to tne position of the desired viewing 
object and outputting each axial rotational movement to a respective motor control processor as 



L 



motor movement commands: 

wherein each motor control processor translates received motor movement commands into 
motor control commands, each motor control processori^mmanding motor movement and receiving 
encoder signals corresponding to actual motor movedent, the motor control processor processing 



received encoder signals to calculate an actual extetft of motor movement, and wherein each motor 

/ 

control processor provides its register contents toithe command processor, the command processor 



translating the register contents into telescope angular displacement about the corresponding axis to 
calculate thereby a present telescope posirit 

^ 56. (New) The telescope svstem^teording to claim 55, wherein the signals output by the 
incremental encoder correspond to incremetrfs of the encoder, a timing between increments 
corresponding to a speed of movement a^d an amount of increments corresponding an extent of 
movement. 

57. fNew) The telescope iystem according to claim 56, wherein the incremental encoder 
comprises an optical encoder opera/mg in quadrature, the motor control processor processing the 
quadrature signal to determine motor speed and motor rotation direction. 

58. fNew) The telesdope system according to claim 57, wherein the motor control 
processor increments the position register with a received extent of movement when the motor 
rotates in a first direction and /vherein the motor control processor decrements the position register 
with a received extent of moCement when the motor rotates in a second direction. , 

59. fl^ew) The/elescope system according to claim 54, further comprising: 

a celestial obiect gatabase coupled to the command processor, the database containing entries 
each associating a celest/al object with a corresponding set of celestial coordinates: and 

wherein the command processor receives an input corresponding to a desired celestial object 
to view, the commancyprocessor accessing the corresponding set of celestial coordinates from the 
database, the comma/d processor further processing the celestial coordinates and rectangular 
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coordinates representing the present position of the telescope system so as to calculate a dynamic 
movement profile for each axis so as to track the desired celestial object's motiorL 

60. (New) The telescope system yfcording to claim 59. wherein the command processor 
translates each axis' dynamic movement^oljjffllnto motor speed and direction commands and 
outputs said motor commands to the jgorresponding motor control processor, the motor control 
processor controlling motor mov^gfment in response thereto, thereby freeing the command processor 
to perform further processing^d calculation tasks during telescope movement. 



(New) An automated telescope system of the type includhife a telescope mounted for 
rotation about an altitude and an azimuth axis, the automated telescope^ystem comprising: 

a command processor, the command processor receiving agnnput representing a position of a 
desired viewing object the position characterized in terms of ai^lestial coordinate system, the 
command processor translating the input into a position characterized in terms of an altitude/azimuth 
coordinate system, the command processor calculating airamount of movement about each axis, to 
move the telescope from a present position to a desirci^osition which points the telescope at the 
desired viewing object the command processor outputting motor movement commands for each 
respective axis: and 

two intelligent motor portions, each c/upled to rotate the telescope about a respective one of 
the axes, each motor portion including : 

a motor having a rotatabl^ shaft: 

a motion indicator coupled to the motor, the motion indicator developing motion 

indication signals corresponding to jaretual motor movement: and 

an intelligent motor control processor, coupled to the motor and the motion indicator, 

the motor control processor further coupled to receive motor movement commands from the 
command processor, the motor control processor processing each respective motor movement 
command into motor control commands defining operational movement of the motor, the motor 
control processor further ccceiving motion indication signals and comparing actual operational 
movement of its respective motor to commanded operational movement the motor control processor 
modifying motor cont>x)l commands in response to differences therebetween. 

62. (TMew) The telescope system according to claim 61, the motor control processor 
including a positicm register, the register storing a calculated actual extent of motor movement 
wherein the motor control processor provides the register contents to the command processor, the 
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command processor translating the register contents into telescope angular displacero^t about the 
corresponding axis and thereby into a present telescope position. X 

63. Olew) The telescope system according to claim 61. wherein the motion indicator 
comprises an incremental encoder, the motion indication signals corresporfaing to increments of the 
encoder, a timing between increments corresponding to a speed of mo^nent and an amount of 
increments corresponding an actual extent of movement. 



64. (New) The telescope system according to claim^63. wherein the incremental encoder 

/ 

comprises an optical encoder operating in quadrature, the motor control processor processing the 
quadrature signal to determine motor speed and motor ro^ion direction. 

65. (New) The telescope system according^ claim 64, wherein the motor control 
processor increments the position register with an actual extent of movement when the motor rotates 
in a first direction and wherein the motor controLproccssor decrements the position register with an 
actual extent of movement when the motor rota'^s in a second direction. 

66. (New) The telescope svstem/^cording to claim 6K further comprising: 

a geographic location database coi^led to the command processor, the database containing 
entries each associating a geographic place name with a corresponding set of earth-based 
coordinates: and / 

wherein the command processor receives a place name input corresponding to a geographic 
location proximate to a user, the /ommand processor processing the corresponding set of earth-based 
coordinates and the contents ogl?oth motor controller's position registers so as to determine the 
present position of the teleso^e system with respect to the celestial coordinate system. 

67. (New) The/telescope system according to claim 66. further comprising: 

a celestial obiect/aatabase coupled to the command processor, the database containing entries 
each associating a cele/ial object with a corresponding set of celestial coordinates: and 

wherein the command processor receives an input corresponding to a desired celestial object 
to view, the commj/nd processor processing the corresponding set of celestial^ coordinates and the 
present position of the telescope system so as to calculate an amount of altitude and azimuth axis 
movement sufScient to point the telescope to the desired celestial object, the command processor 
further calculating a dynamic movement profile for each axis so as to track the desired celestial 
object's motion. 

6y (New) The telescope system according to claim 67, wherein the command processor 
translated each axis' dynamic movement profile into motor speed and direction commands and 
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outputs said motor commands to the corresponding motor control processon the mmor control 
processor controlling motor movement in response thereto, thereby freeing thC/Command processor 
to perform further processing and calculation tasks during telescope movement 

69. (Nevy) In an automated telescope system of the type inclufling a telescope mounted 
for rotation about two substantially orthogonal axes, a method for operating the system comprising: 

retrieving an input representing a position of a desired vieyying obiect, the position 
characterized in terms of a celestial coordinate system: 

processing the input in a command processor into a ribsition characterized in terms of a 
rectangular coordinate system, the command processor determining a present position about each 
axis, and calculating a displacement in the rectangular ^ordinate system for each axis to point the 
telescope at the desired viewing object: / 

processing each axial displacement into motor movement commands for that axis: 

outputting each motor movement command to a corresponding motor control processor 
coupled to that axis: 

processing each respective motor movement command, in each said respective motor control 

11 

processor, into motor control commands defining operational movement of a motor coupled to each 
respective axis: / 

operating each motor in accordance with its motor control commands: 

evaluating actual operationa/movement of each motor by a motion sensor, the sensor 
developing motion indication signils corresponding to an amount of motor rotational movement, the 
evaluating step including: / 

reading an amount of motor rotational movement: 

calculating a total amount of motor movement: 

recording the total/itmount as a content of a position register: and 

providing the register contents to the command processor, wherein the command processor 
translates the register contents into telescope angular displacement about the corresponding axis and 
thereby a present telescope position. 

70. fNow) The method according to claim 69. wherein each respective motor control 
processor compai^es actual operational movement of its respective motor to commanded operational 
movement and idodifies motor control commands in response to differences therebetween. 

71 . / (New) The method according to claim 69. wherein the motion sensor comprises an 
incrementai^ncodcr. the motion indication signals corresponding to increments of the encoder, a 

5 

[XX;SOC\879679v 1 \ 1 2 1 87.00 1 2 



Application No. 09/427^86 

/ 

timing between increments corresponding to a speed of movement and ag^mount of increments 

corresponding an extent of movement / 

12, (New) The method according to claim 7 1 . wherein4he incremental encoder comprises 

an optical encoder operating in quadrature, the motor control^rocessor processing the quadrature 

signal to determine motor speed and motor rotation direction. 

/ 

73. (New) The method according to claim 72, further comprising: 
incrementing the contents of the position register with an extent of movement when the 

motor rotates in a first direction: and 

decrementing the contents of the positi<^n register with an extent of movement when the 
motor rotates in a second direction. / 

74. (New) The method accordmg to claim 69, further comprising: 
accessing a celestial object dataMse coupled to the command processor, the database 

containing entries each associating a <felestial object with a corresponding set of celestial coordinates: 
and 

providing an input corresifonding to a desired celestial object to view: 
providing the corresponaing set of celestial coordinates from the database: 
retrieving the corresponding set of celestial coordinates and the present position of the 

telescopTsvstem so as to ca^kulate an amount of altitude and azimuth axis movement sufficient to 

point the telescope to the/^esired celestial object: 

calculating a dydamic movement profile for each axis so as to track the desired celestial 

object's motion. 

translating/ach axis' dynamic movement profile into motor speed and direction commands: 

and 

outputtifeg said motor commands to the corresponding motor control processor, wherein the 
motor contro/processor controls motor movement in response thereto, thereby freeing the command 
processor to perform further processing and calcu^fif^"|ta<if^diirinfl«t&k 



75. (New) In an automated telescope sv^^ of the type including motors coupled to 
rotate the telescope about an altitude axis ang i gnazimuth axis, a method for operating the system 
comprising: 

activating a command proceseg6r, the command processor performing the steps of: 

retrieving an input representing a position of a desired viewing object, the position of 

the desired viewing object clwacterized in terms of a celestial coordinate system: 
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calculating a present position of the telescope, the present pcjtgition characterized in 

terms of a rectangular coordinate system: 

calculating an amount of movement by the telescopeytri said rectangular coordinate 

system, about each axis which will point the telescope at the desirro viewing object: 

translating a movement amount for each axis ii}jljo a motor movement command for 

that axis: and 

providing each axial motor movement comrfiand to a motor control processor coupled 

to operate that axis' respective motor: 

operating an altitude and an azimuth motor contfol processor, each coupled to the respective 
axis, each motor control processor performing the st^s of: 

translating axial motor movement cymmands received from the command processor 

into motor control commands: 

operating each axis' motor in relSponse to its respective motor control commands: 

receiving signals corresponding to actual motor rotational movement, said signals 

sensed by an incremental encoder coupledjK) the motor: 

establishing a record of mwespective motor's total rotational movement: and 

providing the record of /agif motor's total rotational movement to the command 

processor: and 

wherein the command proce/sor translates each record into telescope angular displacement 
about the respective axis and, therepy the present position vector of the telescope. 

76. (New) The methog according to claim 75, the command processor further performing 
the steps of: 

calculating a dynamic i^ovement profile for each axis so as to track the desired celestial 
obiect's motion. 

translating each axis'/dynamic movement profile into motor speed and direction commands 
for each axis: and 

outputting said mqfor commands to the corresponding motor control processor for that axis, 
wherein the motor contrcy processor controls motor movement in response thereto, thereby freeing 
the command processor/to perform further processing and calculation tasks during telescope 
movement. 

77. rNew) An automated telescope system of the type including a telescope mounted for 
rotation about two substantially ortho^nal axes, the automated telescope system comprising: 
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first and second motor portions, each coupled t(/rotate the telescope about a respective one of 
the axes, each motor portion including: 

a motor having a rotatable shafo 



an encoder coupled to the nimor shaft, the encoder outputting signals corresponding 

to an aniiount of movement of its respecti^ motor: and 

a motor control proce^n configured to receive encoder signals from a respective 
encoder" the motor control procesg^ calculating and outputting motor control commands in operative 
response thereto, the motor con^ol processor including a position register, the register storing a 
calculated actual extent of rriotor movement: and 

a command processor operativelv connected to the motor portions, the command processor 
receiving an input corr^pondinp to a position of a desired vievying object, the command processor 
fiirther receiving an input corresponding to present position of the telescope, the command processor 
calculating a rotational movement about each of the respective axes to move the telescope from its 
present position/to the position of the desired viev^ing object and outputting a corresponding motor 
movement command to each respective motor control processor. 
y 78. (New) The telescop/ system according to claim^77. wherein each motor control 
processor translates received motor movement commands into motor control commands, each motor 
control processor commanding motor movement and receiving encoder signals corresponding to 
actual motor movement, each/motor control processor providing its register contents to the command 
processor, the command processor translating the register contents into telescope angular 
displacement about the cqrresponding axis to calculate thereby a present telescope position, the 
motor control processoiyprocessing received encoder signals to calculate an actual extent of motor 
movement. 

79. OJe^ The telescope system according to claim 78, wherein the input corresponding 
to a position of a d/sired viewing object is characterized in terms of a celestial coordinate system. 

80. (New) The telescope system according to claim 79, wherein the input corresponding 
to a present position of the telescope is characterized in terms of a rectangular coordinate system. 

81. / (New) The telescope system according to claim 77, wherein the signals output by the 
encoder correspond to increments of the encoder, a timing between increments corresponding to a 
speed of movement and an amount of increments corresponding to an extent of movement. 



DOCSOC\879679v 1 \ 1 2 1 87.00 1 2 



8 



# 



Application No. 09/427^86 

82. (New) The telescope system according to claim 8K wherein the incremental encoder 
comprises an optical encoder operating in quadrature, the motor control processor processing the 
quadrature signal to determine motor speed and motor rotation direction. 

83. (New) The telescope system according to claim 82, wherein the motor conlrol 
processor increments the position register with a received extent of movement wh^ytne motor 
rotates in a first direction and wherein the motor control processor decrements the position register 



with a received extent of movement when the motor rotates in a second direction. 

84. (New) The telescope system according to claim 83, wherein the automated telescope 
system is of the type including a telescope mounted for rotation about an altitude and an azimuth 
axis. / 

85. (New) The telescope system according to cl^m 77, further comprising: 

a celestial object database coupled to the comma<id processor, the database containing entries 
each associating a celestial object with a correspondiifg^ set of celestial coordinates: and 

wherein the command processor receives. an input corresponding to a desired celestial object 

to view, the command processor processing the^orresponding set of celestial coordinates and the 

/ 

present position of the telescope system so as to calculate an amount of altitude and azimuth axis 
movement sufficient to point the telescop^ :o the desired celestial obiect. 

86. (New) The telescope sv^em according to claim 85, wherein the command processor 
further calculates a dynamic movem^t profile for each axis so as to track the desired celestial 
obiect's motion. 

87. (New) The telegfcope system according to claim 86, wherein the command processor 
translates each axis' dynamic movement profile into motor speed and direction commands and 
outputs said motor commands to the corresponding motor control processor, the motor control 
processor controlling rn^or movement in response thereto, thereby freeing the command processor 
to perform further processing and calculation tasks during telescope movement. 

88. (New) The telescope system according to claim 87, further comprising: 

a geographic location database accessible to the command processor, the database containing 
entries each as^ciating a geographic place name with a corresponding set of earth-based 
coordinates:/and 

wtrerein the command processor receives a place name input corresponding to a geographic 
locatioD^roximate to a user, the command processor processing the corresponding set of earth-based 
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